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ABSTRACT : PROBLEM TO BE SOLVED: To realize a device that satisfies the request of both low 
on-state resistance and high break down voltage by reducing effectively the current 
amplifying factor of parasitic bipolar transistors without increasing the on resistance of 
power MOSFET transistor. 

SOLUTION: A power device such as a power MOSFET with high avalanche breakdown 
voltage is realized by burying an oxide film 230 into an element and utilizing an SOI 
structure positively. The lifetime of the minority carrier of the single crystal of a region 310 
around a boundary on an embedded oxide film 230 is shorter than the lifetime of the 
minority carrier of the single crystals of other regions so that the lifetime of the minority 
carrier can be made far shorter than that of a general epitaxial Si layer and the hFE of the 
parasitic bipolar transistors can be made very low value. 
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CLAIMS 



[Claim(s)] 

[Claim 1]Life time of a minority carrier of a single crystal of a predetermined field which is provided with 
the following and located in the upper surface upper part of said electric insulating layer, An insulated gate 
type semiconductor device, wherein it is falling from life time of a minority carrier of a single crystal of 
other fields, and said predetermined field includes said a part of 2nd field at least and said predetermined 
field does not include said channel forming region in said 2nd field. 

The 1st field of the 1st conductivity type that is an insulated gate type semiconductor device which 
controls formation/agenesis of a channel in a channel forming region by voltage impressed to the insulated 
gate, and constitutes a single crystal semiconductor substrate. 

The 2nd field of the 2nd conductivity type with which it is provided in the 1st field, and a part of the 
surface serves as said channel forming region. 

The 3rd field used as an active layer of insulated gate type transistors provided in a surface portion of the 
2nd field. 

An electric insulating layer embedded in said semiconductor substrate. 

[Claim 2]An insulated gate type semiconductor device which said 2nd field is a body p layer which 
constitutes MOSFET in claim 1, and is characterized by seeing said electric insulating layer superficially 
and providing it with a gestalt which has at least a part at the bottom and a lap of said body p layer. 
[Claim 3]In claim 1 or 2, an insulated gate type semiconductor device, Use said 2nd field as a base, use 
said 3rd field as an emitter, and a parasitic bipolar transistor which uses said 1st field as a collector is 
formed, An insulated gate type semiconductor device characterized by stopping current gain of said 
parasitic bipolar transistor low due to the fall of life time of a minority carrier of a single crystal of a 
predetermined field located above the upper surface of said electric insulating layer. 
[Claim 4]It is a manufacturing method of an insulated gate type semiconductor device which controls 
formation/agenesis of a channel in a channel forming region by voltage impressed to the insulated gate, By 
forming a non single crystal layer on an insulator layer selectively formed in the surface of a single crystal 
body of the 1st conductivity type, and said semiconductor substrate, and performing predetermined heat 
treatment, Produce and cheat out of solid phase epitaxial growth (SPE;Solid Phase Epitaxy) with a contact 
surface of said non single crystal layer and said semiconductor substrate as the starting point, single- 
crystal-ize said non single crystal layer, form a single crystal layer, and as the result, By introducing the 
2nd conductivity-type impurity selectively from a process of forming a SOI substrate by which a single 
crystal body and said single crystal layer of said 1st conductivity type are put together, and it is 
constituted, and said insulating layer is embedded inside, and the surface of said SOI substrate, A process 
of forming the 2nd field of the 2nd conductivity type including a predetermined field to which life time of a 
minority carrier of a single crystal located in the upper surface upper part of said insulator layer is falling 
from other fields, . It is characterized by having a process of forming the insulated gate in the surface of 
said SOI semiconductor substrate, and the process of forming the 3rd field of the 1 st conductivity type 
used as an active layer of insulated gate type transistors in a surface portion of said 2nd field selectively. 
A manufacturing method of an insulated gate type semiconductor device which uses the surface of said 
2nd field [ directly under ] of said insulated gate as said channel regions. 

[Claim 5]An insulated gate type semiconductor device manufactured by a manufacturing method of an 
insulated gate type semiconductor device of claim 4. 

[Claim 6]Instead of a process of forming a SOI substrate by the SPE method in claim 4, A manufacturing 
method of an insulated gate type semiconductor device which manufactures an insulated gate type 

http://www4.ipdl. inpit.gojp/cgi-bin/tran^web^cgi_ejje?atw_u=http://www4.ipdl.inpit.go.jp/Toku... 2010/02/01 



JP,09-270513,A [CLAIMS] 



2/2 ^— v 



semiconductor device by the process according to claim 4 using a SOI substrate formed using GURAHO a 
single crystal-ized method by laser radiation to a non single crystal, an oxygen-ion-implantation method or 
the (SIMOX method) or, and an epitaxy method. 

[Claim 7]An insulated gate type semiconductor device manufactured by a manufacturing method of an 
insulated gate type semiconductor device of claim 6. 



[Translation done.] 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]Especially this invention relates to the art of realizing the high avalanche destructive 
tolerated dose of power metal-oxide semiconductor field effect transistor, about an insulated gate type 
semiconductor device and a manufacturing method for the same. 
[0002] 

[Background of the Invention]The example of composition of the power metal-oxide semiconductor field 
effect transistor of a vertical mold is shown in drawing 1 8. The INDAKU dance nature load L drives by two 
or more MOSFET20a-20n, and one MOSFET, It has the N + board 30, the N " epitaxial layer 40, the body P 
layer 50, the source layer 60, the gate dielectric film 70, the gate electrode 80, and the source electrode 
90. The reference number Q1 is a parasitism NPN transistor among a figure, the reference number Q2 is a 
parasitic diode, and the reference number R is the parasitic resistance of a body P layer. The reference 
number 10 is a power supply. 

[0003]Draw the equivalent circuit of the composition of drawing 18. The resistance R is 

connected with NPN transistor Q2 in series between the sauce (S) of MOSFET (M), and a drain (D), and, as 
for the in-series course of Q2 and R, the collector emitter course of the transistor Q1 intervenes in 
parallel. 
[0004] 

[Problem(s) to be Solved by the Invention]If a MOS transistor (M) changes from one at OFF as shown in 

drawing 19 , it will originate in the back electromotive force of INDAKU dance load (L), and breakdown 

current IB1 will flow via the diode Q2 and the resistance R. If the voltage drop generated to the both ends 

of the resistance R exceeds the voltage between base emitters of the parasitic bipolar transistor Q1 (V DI= ) 

bt 

at this time, And excessive breakdown current IB2 concentrates and flows into the transistor Q1, in almost 
all cases, melting of junction destruction, silicon, or wiring arises and an element is destroyed. [ the 
parasitic bipolar transistor Q1 ] 

[0005]When using power metal-oxide semiconductor field effect transistor etc. for automotive control 
especially, the load for mount is very important for avoiding the avalanche destruction produced with 
inductance back electromotive force, in order that inductance loads, such as a motor or a solenoid valve, 
may occupy most. As mentioned above, avalanche destruction is the phenomenon of resulting in 
destruction with operation of the parasitic bipolar transistor which exists in power-metal-oxide- 
semiconductor-field-effect-transistor structure, and needs to control this parasitic bipolar transistor 
operation to realize a high destructive tolerated dose. 

[0006] Until now, some methods of reducing the current gain (h FE ) of a parasitic bipolar transistor for the 

purpose of realization of a power-metal-oxide-semiconductor-field-effect-transistor quantity avalanche 
destructive tolerated dose are proposed. For example, at JP,62-39069,A, the high avalanche destructive 
tolerated dose is realized by carrying out the ion implantation of the carbon and controlling life time by 
JP,3-259537,A by reducing a small number of carrier lifetime by gold diffusion. In JP,5-243580,A, the body 
P + field deeper than sauce N + was formed, by raising the base density of a parasitic bipolar transistor, h FE 

was reduced, respectively and the high avalanche destructive tolerated dose is realized. A problem is 
described about three methods described by the above-mentioned conventional technology, respectively. 
[0007]** Since life time control gold by gold diffusion has the early diffusion rate in Si, control of diffusion 
is comparatively difficult for it. Since heavy metals, such as gold, have an adverse effect on the gate 
characteristic or joining characteristic of a MOS device, other device properties are spoiled by performing 
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gold diffusion. For this reason, the grade of highly-efficient-izing by controlling life time and the grade of 
degradation of the device property by it will usually be measured, and gold diffusion will be performed on 
the conditions which both can permit. In order to prevent the cross contamination to other devices, it is 
necessary to process with a device different from the manufacturing facility of other devices. 
[0008]** The method of controlling life time by the ion implantation of the life time control charged particle 
by a carbonaceous ion implantation has a report about a proton, helium, etc. besides carbon. Since very big 
accelerating voltage (usually not less than several megavolts) is required for these ion implantations, a 
******** device is needed. Since these charged particle placing is originally also performed to a field not 
to introduce a damage into, degradation of the original characteristic of a device by it is also produced. 
[0009]** It is also effective in reducing h pE of a parasitic bipolar transistor to high-concentration-ize the 

body equivalent to the base of the high-impurity-concentration-ized parasitic bipolar transistor of a body 
p + field. However, if impurity concentration becomes high to the body of channel regions, in order to reduce 
hp E of a parasitic bipolar transistor which threshold voltage increases and causes increase of on 

resistance, it is necessary to form a body p + field to a deeper field but, and, At this time, since a body p + 
field spreads also to a transverse direction with a depth direction, it needs to extend the source region 
which forms a body P + layer for preventing the diffusion to channel regions. It is known widely that 
extending the source region makes the on resistance of power metal-oxide semiconductor field effect 
transistor increase, namely, it turns out that on resistance reduction and tradeoff relation have h pE 

reduction of the parasitic bipolar transistor by this method. 

[0010]The purpose of this invention reduces the current gain (h pE ) of a parasitic bipolar transistor 

effectively, without making on resistance, such as power metal-oxide semiconductor field effect transistor, 
etc. increase, and there is in realizing the device with which it can be simultaneously satisfied of low on 
resistance and a high destructive tolerated dose. 
[0011] 

[Means for Solving the Problem] 

(1) This invention according to claim 1 is an insulated gate type semiconductor device which controls 
formation/agenesis of a channel in a channel forming region by voltage impressed to the insulated gate, 
The 1st field of the 1st conductivity type that constitutes a single crystal semiconductor substrate, and 
the 2nd field of the 2nd conductivity type with which it is provided in the 1 st field, and a part of the surface 
serves as said channel forming region, The 3rd field used as an active layer of insulated gate type 
transistors provided in a surface portion of the 2nd field, Life time of a minority carrier of a single crystal of 
a predetermined field which has the electric insulating layer embedded in said semiconductor substrate, 
and is located in the upper surface upper part of said electric insulating layer, It is falling from life time of a 
minority carrier of other fields, and said predetermined field includes said a part of 2nd field at least, and 
said predetermined field does not include said channel forming region in said 2nd field. 
[0012]Unlike a method proposed from the former, this invention embeds an oxide film into an element, h pE 

of a parasitic bipolar transistor is positively reduced by forming a recrystallization field of Si in the upper 
part, and forming there a body region equivalent to a base of a parasitic bipolar transistor. That is, power 
devices, such as power metal-oxide semiconductor field effect transistor which has a high avalanche 
destructive tolerated dose, are realized by adopting SOI structure. 

[0013]Since Si field recrystallized on an oxide film can make life time of a minority carrier very lower than 
the usual epitaxial Si layer, it can set h pE of a parasitic bipolar transistor as a very low value. Life time of 

only the field can be reduced by this method, without embedding only a specific field on an LSI processing 
level, and affecting a channel forming region, since an oxide film can be formed. Therefore, h pE of a 

parasitic bipolar transistor is reduced without making on resistance of power metal-oxide semiconductor 
field effect transistor, etc. increase, and on resistance reduction and high destructive tolerated dose- 
ization can be satisfied simultaneously. 

[0014](2) This invention according to claim 2 is a body p layer from which said 2nd field constitutes 
MOSFET in claim 1, said electric insulating layer is seen superficially, and it is provided with a gestalt which 
has at least a part at the bottom and a lap of said body p layer. 

[001 5] Without seeing a body p layer and an oxide film superficially, and making it thoroughly in agreement, 
it can also arrange so that it may not have a lap in the part. A path with which steady breakdown current 
(stable breakdown current after a transient response) flows by this is formed, it can be efficiently flowed 
through steady breakdown current through a portion without an oxide film, and operation is stabilized. 
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[0016](3) In claim 1 or 2, this invention according to claim 3 an insulated gate type semiconductor device, 
Use said 2nd field as a base, use said 3rd field as an emitter, and a parasitic bipolar transistor which uses 
said 1st field as a collector is formed, An insulated gate type semiconductor device characterized by 
stopping current gain of said parasitic bipolar transistor low due to the fall of life time of a minority carrier 
of a single crystal of a predetermined field located above the upper surface of said electric insulating layer. 

[0017]In a device of vertical molds, such as power metal-oxide semiconductor field effect transistor and 
IGBT, SOI structure is adopted, by promoting recombination of a career in base area of a parasitic bipolar 
transistor, current gain is reduced extremely and a parasitic bipolar transistor is incapacitated. Thereby, 
even if one [ a parasitic bipolar transistor ], destruction of an element does not arise. 
[0018](4) It is a manufacturing method of an insulated gate type semiconductor device which controls 
formation/agenesis of a channel in a channel forming region by voltage impressed to this invention 
according to claim 4 and the insulated gate, By forming a non single crystal layer on an insulator layer 
selectively formed in the surface of a single crystal body of the 1st conductivity type, and said 
semiconductor substrate, and performing predetermined heat treatment, Produce and cheat out of solid 
phase epitaxial growth (SPE;Solid Phase Epitaxy) with a contact surface of said non single crystal layer and 
said semiconductor substrate as the starting point, single-crystaHze said non single crystal layer, form a 
single crystal layer, and as the result, By introducing the 2nd conductivity-type impurity selectively from a 
process of forming a SOI substrate by which a single crystal body and said single crystal layer of said 1st 
conductivity type are put together, and it is constituted, and said insulating layer is embedded inside, and 
the surface of said SOI substrate, Life time of a minority carrier of a single crystal located in the upper 
surface upper part of said insulator layer selectively to a process of forming the 2nd field of the 2nd 
conductivity type including a predetermined field to which it is falling from other fields, a process of forming 
the insulated gate in the surface of said SOI semiconductor substrate, and a surface portion of said 2nd 
field, The surface of said 2nd field directly under [ having the process of forming the 3rd field of the 1st 
conductivity type used as an active layer of insulated gate type transistors ] said insulated gate is used as 
said channel regions. 

[0019]Single crystal membrane formed by solid phase epitaxial growth (SPE;Solid Phase Epitaxy) on an 
insulator layer, Life time of a minority carrier of a crystal [ / near the interface (an interface near / with 
the insulator layer of a single crystal grown-up by lateral SPE along with an insulator layer /) with the 
insulator layer ] is lower than other SPE fields. Current gain of a parasitic bipolar transistor is reduced 
using this phenomenon positively. Formation of SOI structure is correctly possible to a desired field, using 
a manufacturing process of the usual transistor. 

[0020](5) This invention according to claim 5 is an insulated gate type semiconductor device manufactured 
by a manufacturing method of an insulated gate type semiconductor device of claim 4. 
[0021] A device with highly efficient low on resistance and high destructive tolerated dose is realized. 
[0022](6) This invention according to claim 6 instead of a process of forming a SOI substrate by the SPE 
method in claim 4, An insulated gate type semiconductor device is manufactured by the process according 
to claim 4 using a SOI substrate formed using GURAHO a single crystal-ized method by laser radiation to a 
non single crystal, an oxygen-ion-implantation method or the (SIMOX method) or, and an epitaxy method. 
[0023]It can form in a field of a request of SOI structure by a laser radiation method etc., and a fall of life 
time of a minority carrier is seen in a field of an interface with an insulator layer. Therefore, the same 
effect as a case where the SPE method is used is expectable. 

[0024](7) This invention according to claim 7 is an insulated gate type semiconductor device manufactured 

by a manufacturing method of an insulated gate type semiconductor device of claim 6. 

[0025]A device with highly efficient low on resistance and high destructive tolerated dose is realized. 

[0026] 

[Embodiment of the Invention] Hereafter, an embodiment of the invention is described with reference to 
drawings. 

[0027](1) The power metal-oxide semiconductor field effect transistor concerning a 1st embodiment of this 
invention is shown in the 1st embodiment (feature of this embodiment) drawin g 1 0. This power metal-oxide 
semiconductor field effect transistor is formed for example, by the SPE method. The feature is that the life 
time of a minority carrier of the predetermined field which has the embedding oxide film 230 and made 
amorphous Si of the embedding oxide film 230 upper part recrystallize is falling remarkably. 
[0028]This phenomenon is explained using the key map of drawing 2.0 (a) " (c). The oxide film 110 is 
selectively formed on the monocrystal substrate 100 like drawing._20_(a), When it heat-treats by having 
formed the thin amorphous silicon layer 120 as shown in the figure (b), it produced and cheats out of SPE 
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with contacting parts as the starting point with silicon and the amorphous silicon layer 120 is single- 
crystaHzed, as shown in the figure (c), The life time of the minority carrier of the field 130b on the oxide 
film 110 falls compared with the life time of the minority carrier of the other fields 130a. 
[0029]In the recrystallization of amorphous Si, when an amorphous silicon changes to single crystal silicon, 
a volumetric shrinkage arises, and this is because stress occurs in a film. And in the field near an 
embedding oxide film, this influence becomes remarkable. That is, the influence decreases as it separates 
from the oxide film 110, and the influence hardly poses a problem in the substrate face (channel forming 
region) of a device like dra win g 10. This invention uses such a phenomenon positively. 

[0030]The fall of the life time of the minority carrier on an above-mentioned oxide film is seen similarly [ in 
single-crystaHzing of the amorphous layer by laser radiation ]. Also when forming SOI structure by the 
SIMOX method as shown in drawing 21 (a) and (b), the life time of the minority carrier of an oxide film 
interface field falls. That is, oxygen ion is driven into the substrate 100 like ^wm^ZIJiaX and as shown in 
the figure (b) with heat treatment, when the oxide film 140 is formed, the life time of the minority carrier of 
the neighborhood field 150 of the oxide film 140 falls. Although not illustrated, formation of SOI structure is 
possible and the same phenomenon is seen also in this case by the recrystallization (GURAHO epitaxy) 
using the carbon heater of the amorphous layer. 

[0031](Structure of a device) The structure of the power metal-oxide semiconductor field effect transistor 
of dra win g 10 is explained. 

[0032]The N " drain layer 300 is formed on the N + drain layer 200, and the oxide film 230 is formed in the N 
~ drain layer 300. The body P layer 350 is formed on the oxide film 230, the sauce (N + ) layers 360a and 
360b are formed in the surface portion of the body P layer 350, and the insulated gate (the gate dielectric 
film 320, polysilicon gate electrode 330) is formed in the substrate face. The reference number 370 is an 
insulator layer, the reference number 400 is a gate electrode, and the reference number 410 is a drain 
electrode. The predetermined field 310 on the oxide film 230 is a field to which the life time of the minority 
carrier fell. 

[0033](Operation of a device) The arrow of the dotted line shows the ON state current 0 ON ) which flows 

when power metal-oxide semiconductor field effect transistor is an ON state among drawing 10, and, as for 
the solid line, breakdown current (IB) is shown. The arrow in drawing 10 shows the direction into which an 
electron flows. 

[0034]The ON state current G 0N ) goes up to the surface of a substrate through the field which embeds 

from the rear face of a substrate and does not have the oxide film 230, and flows into the source layer 320 
further through the channel formed directly under the gate 330. 

[0035]Thus, since the ON state current tt ON ) flows through the surface of a substrate and does not flow 

through the field 310 near [ to which the life time of the minority carrier fell ] the embedded oxide film 
upper part, it cannot be easily influenced by the embedding oxide film 230. 

[0036]The breakdown current (IB) produced with back electromotive force on the other hand when power 
metal-oxide semiconductor field effect transistor is switched to an OFF state from an ON state, As the 
arrow of a solid line shows among a figure, it flows through the field (field of the body P layer bottom) 310 
to which the life time of the minority carrier fell with the embedding oxide film 230. 
[0037]That is, the current which was flowing through the substrate face (channel) by the ON state is 
microscopically seen with the shift to an OFF state, and as shown in the right-hand side of drawing 10, it 
comes to flow near the edge part of the body P layer 350 through course (a), course (b), and course (c). 
The course length of the course passing through the field 310 to which the life time of the minority carrier 
shown in drawing 10 fell is long, and therefore, the parasitic resistance R is large and is the resistance 
which makes a parasitic bipolar transistor one easily. 

[0038]According to this embodiment, the current gain (h pE ) of the parasitic bipolar transistor which the 

portion of that resistance R requiring special attention serves as the field 310 to which the life time of the 
minority carrier fell, therefore uses this portion as a base is reduced extremely. That is, operation of a 
parasitic bipolar transistor is strongly influenced to the life time of a minority carrier, and current gain h RE 

of a parasitic bipolar transistor is extremely reduced by promotion of the recombination of the minority 
carrier in the fall field 310 of the life time of a minority carrier. 

[0039]On the other hand, it does not depend for operation of MOSFET on the life time of the minority 
carrier of what depends to the mobility of a majority carrier strongly. And since most influences of the 
stress from the embedding oxide film in recrystallization can be disregarded as mentioned above in a 
substrate face, in the power metal-oxide semiconductor field effect transistor which has embedding oxide 



http://www4.ipdUnpit.goj^/cgi-binA 2010/02/01 



JP,09-270513,A [DETAILED DESCRIPTION] 



5/6 



film structure. Most characteristics (on resistance) of an ON state are not degraded, only operation of a 
parasitic bipolar transistor can be controlled effectively, and high avalanche destructive tolerated dose- 
ization is realized. 

[0040](Manufacturing method of a device) An embedding oxide film is realized by using art, such as 
recrystallization by recrystallization of amorphous Si, laser recrystallization, or a carbon heater. Hereafter, 
the case where the method of recrystallizing an amorphous silicon is used is explained with reference to 

drswjng l.. - drawing 9. 

[0041] As shown in drawing J, the epiwafer in which the N " epitaxial layer 210 was formed on the N + board 
200 is first prepared as a substrate of an initial. 

[0042]Next, as shown in dra wing 2 , an oxide film is selectively formed on a substrate by the thermal 
oxidation of a substrate face or a CVD method, and a photolithography. The field which the substrate face 
exposed without providing an oxide film is a field which is seeded (seed crystal section) at the time of 
recrystallization of a subsequent amorphous silicon. 

[0043]Next, an amorphous silicon is formed in the whole surface like drawing 3. 

[0044] Next, it produces and cheats out of SPE on the basis of seed (seed crystal section) by annealing of 
about 600 ** predetermined time, and the whole surface of an amorphous silicon is single-crystaHzed. As 
a result, the insulator layer 230 is embedded into a single crystal like drawing 4 . At this time, the life time 
of the minority carrier of the predetermined field 310 on the insulator layer 230 falls rather than the life 
time of the minority carrier of other single crystals. 

[0045]Then, MOSFET is manufactured like the usual power-metal-oxide-semiconductor-field-effect- 
transistor production. That is, as shown in drawing 5, the gate electrode 330 is formed on the gate oxide 
320, and as shown in d rawin g 8, the body P field 350 and the source layers 360a and 360b are formed. 
[0046]Then, the interlayer insulation film 370 is formed like drawing_7. Next, the source electrode 400 is 
formed like drawing 8, the drain electrode 410 is formed in the rear face of a substrate, and a device is 
completed (drawing 9). 

[0047](2) The 2nd embodiment drawing 1 1 shows a 2nd embodiment of this invention. The embedding oxide 
film 232 is formed in the inside of the body P layer 350 in this example. Also in this case, the same effect 
as an embodiment shown above is acquired. Other composition is the same as drawing 10. 
[0048](3) The 3rd embodiment drawmg 1 2 shows a 3rd embodiment of this invention. 

[0049]The feature of the device of d rawin g 1 2 is having considered it as the structure which removed the 
center section of the embedding oxide film in the device of drawing 10. 

[0050]The field which removed the embedding oxide film (234a, 234b) moves a window for the steady 
breakdown current IBX shown with a dashed dotted line to flow, and can realize a more stable breakdown 
characteristic. That is, as shown in drawin g 1 2, the breakdown current IB flows transitionally and the 
steady breakdown current IBX flows into sauce from a substrate rear efficiently with the shortest distance 
after that. 

[0051]The situation of overlap in the oxide films 234a and 234b and the body P layer 350 at the time of 
seeing superficially is shown in the drawin g 12 bottom. (**) and (**) — a portion is a portion which has a 
lap — (**) — a portion is a portion (window section) which does not have a lap. 

[0052]The reference numbers 314a and 314b are the portions to which the life time of the minority carrier 
fell. 

[0053](4) The 4th embodiment drawing 13 shows a 4th embodiment of this invention. 
[0054]Although the device of drawing 1 3 is almost the same as the structure of drawingj.2, it differs in 
that the embedding oxide films 236a and 236b are formed in the inside of the body P field 350. The 
reference numbers 316a and 316b are the portions to which the life time of the minority carrier fell. Also 
by this structure, the same effect as a 3rd embodiment is acquired. 

[0055](5) MOSFET shown in the 5th embodiment .dra^ UMOSFET which has a trench gate. 

[0056]The reference numbers 332a and 332b are trench gate electrodes (for example, polysilicon), and the 
reference numbers 322a and 322b are gate dielectric film. The embedded oxide film 238 is formed in a part 
of body P layer [ directly under ] 350. The reference number 318 is the portion to which the life time of the 
minority carrier fell. 

[0057]Instead of embedding in the lower part of a body P field, and forming an oxide film, it is also possible 
to consider it as the same embedding oxide film structure as the device of drawing 1 3 from drawin g 1J_. The 
effect acquired is the same as that of a device shown above. 

[0058](6) The 6th embodiment dr awing 15 shows the constructional example at the time of applying this 
invention to IGBT (Insulated Gate Bipolar Transistor) of planar structure. 
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[0059]IGBT is the multiple transistor which carried out Invar TEDDO Darlington connection of MOSFET 
(M1) as shown in drawing 1 7, and PNP transistor Q3. The difference in section structure with power metal- 
oxide semiconductor field effect transistor is that the P + layer is provided in the bottom of the heap of the 
device of drawing 18. 

[0060]Also in IGBT, it has the parasitic bipolar transistor Q4 as shown by a dotted line by dr awin g 1 7 on 
structure, and, if the voltage drop in parasitic resistance R B exceeds voltage between base emitters V gE , 
the parasitic thyristor operates **, and destruction of an element is caused. 

[0061]Therefore, it is effective to reduce the transport efficiency of the career in the base of the parasitic 
bipolar transistor Q4, and to reduce current gain. Then, it embeds the base of the parasitic bipolar 
transistor Q4, and directly under the becoming base P layer 350, the insulator layer 232 is formed, and the 
field 318 where the life time of the minority carrier fell to the lower part of the base P layer 350 is formed. 
It is also possible to consider it as the same embedding oxide film structure as the device of drawing 13 
from drawing 1 1 . Thereby, the element breakdown by the latchup which poses a problem by IGBT can be 
controlled. 

[0062](7) The 7th embodiment this invention is applicable also to IGBT using a trench gate, as shown in the 
16th. The reference numbers 332a and 332b are trench gate electrodes (polysilicon), and the reference 
numbers 322a and 322b are gate oxide. It is also possible to consider it as the same embedding oxide film 
structure as the device of drawing 13 from drawing 11. The element breakdown by the latchup which poses 
a problem by IGBT is controlled. 

[0063]Although the above example has explained the N type channel element, it is clear that an effect with 
the same said of a P type channel element is acquired. 

[0064]This invention is applicable not only to the device of a vertical mold but the device of a horizontal 
type. 

[0065] Drawing 2 2 is a sectional view showing the structure of the power metal-oxide semiconductor field 
effect transistor of a horizontal type. The N ~ type epitaxial layer 1 100 is formed on the P type board 1000, 
and the well 1200 of P type and N + type drain 1400 a-1400b are provided in the surface portion of the N " 
type epitaxial layer 1 1 00. P type — the source layer 1 300-1 302 is formed in the surface of the well 1 200 - 
- on the other hand — the P type — a well — the insulator layer 1800 is embedded inside. The field 1900 
on the embedded insulator layer 1800 is a field to which the life time of the minority carrier fell. Therefore, 
a problem is not produced, even if the current gain of a parasitic transistor is falling and the breakdown 
current 12 flows. Reference number 1500 a-1500b in *aMPJL22Js drain current, 1600 a-1600b is a gate 
electrode, and 1700 is a source electrode. "11" shows the ON state current. 

[0066]The section of IGBT of a model is shown in dra wing 23 . In drawing 2 3, "13" is electron current, "14" 
is hole current, and "15" is breakdown current. Like the case of drawin g 2 2, even if the breakdown current 
15 flows, it is satisfactory. Reference number 1402 a-1402b is a P + type collector layer in drawi ng 23, and 
reference number 1502 a-1502b is a collector electrode. The reference number 1702 is an emitter 
electrode. 
[0067] 



[Translation done.] 
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